Because of the safer and more reliable mode of operation, a Superconducting Linac has been proposed as the proton beam accelerator which drives a nuclear plant based on the concept of the Energy Amplifier. An example based on the net generation of 400 MW (electric) is described. This requires a proton beam energy of 1 GeV with a continuous beam current of 10 mA, corresponding to a beam power of 10 MW. Two frequencies cases, 360 and 805 MHz, have been considered for the Linac design. Performance and cost comparison for the two cases are given.
THE CONCEPT OF THE ENERGY AMPLIFIER
It was proposed by Bowman [l] and Rubbia [2] that it is possible to sustain a nuclear fission chain reaction under subcritical conditions by providing the required balance of neutrons with a steady flow of neutrons from the spallation of an intense beam of protons on a solid target. This is a granular mixture of inertial material, like Tungsten or Lead, and fissionable material, for instance Th232. This method has the advantage of a safer operation since the chain reaction, if needed, can be easily controlled by acting on the proton accelerator.
An example of Energy Amplifier based on these concepts was also given [3] . The power plant assumed as the driver a continuous proton beam of 1 GeV with an average intensity of 10 mA, that is an average power of 10 MW. With realistic assumptions, it was demonstrated that the device could be capable to deliver 400 MW on an external load, with an extra 25 MW for the operation of the proton accelerator and another 5 MW for the facility surrounding the complex.
The original concept of the Energy Amplifier assumed one or two cyclotrons as the proton accelerator [4] . But there are several serious technical concerns with the operation of cyclotrons at very large beam power, which deal with space charge effects at injection, components activation due to slow beam losses caused by the narrow gap of the accelerator magnet, and the complexity of the beam extraction. Thus, as an alternative it was proposed [3] to use a Superconducting Linac (SCL) as the proton accelerator. The Linac would remove several of the technical concerns of the cyclotrons. For instance, at the intensity level of 10 mA, space charge effects are small, understood and easily controlled. The ratio of the physical aperture to the beam size is also very large, which essentially eliminates the problem of activating the Linac itself by the slow beam The last section is the Superconducting Linac proper which accelerates the beam from 100 MeV to 1.0 GeV. The analysis and the design concepts of a Superconducting Linac are discussed in [5] . There is a penalty of lowering the TTF which can be compensated with an increase of the axial electric field. This way all the Cryo-Modules in the same section are identical in shape and size.
We shall assume in the following that each Cavity is individually driven by a single RF Coupler. To resolve phase adjustment to a sufficiently high degree, one should not allow more than two cavities under the same Klystron. The preferred mode of operation is to provide the same amount of power to all the RF Couplers in the same Linac section. Because the Cavity-Cell-Coupler configuration is Table 2 , where the two frequency cases are also compared to each other. For both cases the first section accelerates protons from 100 to 300 MeV, the second section from 0.3 to 1.0 GeV. We define as a period the combination of a Warm Section and the following Cryo-Module. As noted and expected, because of the relatively low number of particles per bunch, the losses to the Higher-Order Modes (HOM) of the Cavities are negligible. The required cryogenic power is estimated assuming a conservative static loss in the cryostats of 5 W/m. The AC-to-RF efficiency for Klystrons is taken to be 58.5%. The cryogenic efficiency is 0.4%. We have assumed CW mode of operation. Moreover, we have allowed an extra 35% of RF power as contingency to allow phase and amplitude tuning of the Cavities.
As one can see the overall efficiency is indeed close to 40% as originally projected. In particular, the amount of power in the RF Coupler, which has been chosen so that the surface field never exceeds the limit of 17 MV/m, is within the technical demonstrated capabilities.
COST
WarmStruct.
Cold Struct.
The capital cost of the Superconducting Linac is estimated assuming 100 k$ / m for the Warm Insertions and 300 k$ / m for the Cryo-Modules. The tunnel cost is taken to be 70 k$ / m. All the required parameters are shown in Table 3 . The cost of Klystrons, including waveguides, windows, etc ..., depends on their number, RF architecture, and total RF power required. An extra 35% of RF power has also been added for the tune-up operation of the Linac. The cost of the refrigeration plant is estimated assuming 2 k$ per Watt at 2 'Kelvin. The distribution of the AC power has also a cost, taken at 0.14 $ per Watt. The summary given in Table 4 shows a total of 160 -185 M$ for the Superconducting Linac, to which one should add the cost of the front-end and of the normal-conducting section, which could be another 30-35 M$. The accelerator cost is expected to be only a small fraction of the total cost of the facility, which includes the target station, the energy recovery and electrical transformation systems, the processing plant, etc ... etc ... Once in full operation, it is of course expected that the cost of the operation of the facility will not include the AC electric power, since this will be provided by the plant itself. Nevertheless, during the early commissioning stages, the AC electric power may be provided only externally and at full cost. A total of 20 -25 MW of AC power is then required, that somewhere in USA may contribute to an operational cost of 7-8 M$ a year, assuming that the Linac is to be available at least 75% of the yearly time. 
COMPARISON AND CONCLUSIONS
The comparison of the performance of the two frequency cases is given in Table 2 , and that of the cost in Table 4 . No major differences are noticed between the two cases. The number of Modules (and of periods) is lower, by about half, in the 360 MHz case than in the 805 MHz case, but the periods are about twice as long and the cryostats are larger.
Tunnel
Total Cost (M$) The overall length is about the same, 270 m in both cases. Because the focusing period is longer, the quadrupole gradient is weaker in the low frequency case, and the beam size is larger. Yet, the ratio of cavity aperture to beam size is larger at 360 MHz. The most important difference is the wall-dissipated power: a total of 6.7 kW at 360 MHz, and 16.7 kW at 805 MHz. This gives a negligible impact to the total RF requirement, which is essentially given by the beam power, but a substantial contribution to the required Cryogenic power which from 8 kW at 360 MHz increases to 18 kW at 805 MHz, with a corresponding increase of the AC power for the Cryogenic plant from 2 to 4.5 MW respectively. As a result, the overall efficiency is somewhat lower at the high frequency case. There is about a 20 M$ difference in the capital cost, with the low frequency case being less expensive. This difference is the consequence of the larger dissipated power in the 805 MHz frequency case. Though the difference in absolute values are not large, the 360 MHz frequency would actually represent a better choice. For instance, the lower number of modules required, could lead to an easier construction and maintenance of the facility. 
